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(54) Title: Fe-Cr-Si NON-ORIENTED ELECTROMAGNETIC STEEL SHEET AND PROCESS FOR PRODUCING THE SAME 
= (54) S6HH<B«i*: Fe-Cr-Si3*»#Atem«M«i3<l:tf *<*>SiS:5& 
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Cr ^^^{kfeC0®St m /mm2) 
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a. ..HYSTERESIS LOSS 

b. ..QUANTTTY OF Cr -CONTAINING NITRIDE (no./mm 2 ) 

c. RANGE OF INVENTION 



high-frequency region of 10 kHz or below. 



(57) Abstract: An Fe-Cr-Si non-oriented electromag- 
netic steel sheet comprising 2.5 to 10 mass% of Si, 1.5 
to 20 mass% of Cr, 0.006 mass% or less of C, 0.002 
mass% or less of N, 0.005 mass% or less of S, 0.005 
mass% or less of Ti and 0.005 mass% or less of Nb, 
optionally together with 0.1 to 2 mass% of Al and 
either or both of Sb and Sn provided that the amount of 
each of Sb and Sn is in the range of 0.005 to 1 mass%, 
with the balance composed of Fe and unavoidable 
impurities. The electric resistance of steel is 60 U Qcm 
or higher, and the quantity of Cr-containing nitride lying 
in the interior of steel sheet is 2500 or less per mm 2 . 
Thus, there is provided a non-oriented electromagnetic 
steel sheet that excels in magnetic properties in 
high-frequency region, especially region of 1 kHz or 
higher frequency, through advantageous resolution of 
the problem that high electrical resistance realized by 
high Si and high Cr contents is not fully utilized in 



W(^04/059022 Al 11 1111 II 111 ill III \M\\ 



(57) &m-. 

Fe-CT-Smm%fa&n.mmmz&^X, Si : 2. 5~10mass%, Cr : 1. 5 ~20mass%, 
C : 0. 006mass%WT. N : 0. 002mass%£iLT, S : 0. 005mass%£*T, Ti : 0. 005mass% 
I^T^itm : 0. 005mass%^T&^Ht:L«>5 1 1 fcfc. MmiZfoKX, Al : 0. 1 ~ 
2mass%^ Sb*5 ZTfiSiKD^-ftifr 1 SSfcWi 2«$r, Zti^tlSb : 0. 005~lmass%*5 
«fct*Sn : 0.005~lnass%<O«5ffl-e&^U«>, g|»«:Fe*5 J:tPFW«»^«tti: U 
*©tt*Jga»*60M QcnCLh. ii«rtSPOCr^M>fk^O^TO* 5 Imm2^fc9 2500 
•KTi-r* £*K:J: 9 x WSi*tJ<lcWCi^*teJ:oT#fe*b*Kv^««Stlt*«10kB« 
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f e -c r - s i &m*fa&wmm& £Xfi*<DW&%& 
t 5 r. t t-rs^v t<Ki mz^±.<o%nmm$Lx-m^ttmmm^t^ 

fc) Fe-Si *&:£fattSB*fl!SaSfliV ^ *bT V > 5 0 *#lfttt««MMRI** — 
JSlCfcSaiBBU iPX#HJi»!:fco"CU*5.. ^©Fe-Si**MRfc:*5VvTrtt* 
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i^©iwa^3ft©f»wwRt mmz. vmmmffit u-c ikHz 3m&mm\^tth 

mAte. fr\mf?JM2. <®WtXm3, mnXm^^^X. Cr£rl.5~20mass%, 
Si£2. 5~10mass%^^-ett^i-5, iSJl^^^^^cFe-Cr-Si^li^ 
Lfco 

C#fP^ti»lD : #H^ll-229095-^-^ 
C#fP^m 2 ) : Wmmi -343544-p-^ 
C#fF^:®t3) : #H2001-262289^# 
M#fF^4] : #|W2001-279326-5§-^3& 

#ff;fciSfc2, #fp^tm3^^is^$^fc^{i, iokHzi^Jbojl«E^ciiij-e»i«v^ 
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fc„ ^U-C, $|«|*9g&(Z>Cr-^^rM;^ (nitride 

including chromium) <D&$m&<OMW&>j&£: 5 - £ Ufc 0 hi, 

(1) Si : 2. 5 ~10mass% x Cr : 1.5 ~ 20mass%, C : 0. 006mass%&Tx N : 
0. 002mass%£HTx S : 0. 005mass%E*Tx Ti : 0. 005mass%£^T^3 «fcTJ*Nb : 0. 005mass% 

£JLL> TO^^^(t51inm2^fc«?OCr^^#>O<@md52500TOT-efeS, US 

(2) Si : 2.5 -~10mass% % Cr : 1. 5 ~ 20mass%, C ': 0. 006mass%£*T\ N : 
0. 002mass%«Tx S : 0. 005mass%S*T, Ti : 0. 005mass%WT*3<ttM) : 0. 005mass% 

1 mass%*5 £ Sn : 0. 06j©~ 1 mass%©«fflT!^r U 8H*J»Fe* «fc W^1K«J^» 
4fcj&»fefe x ^©@^^d560/i QcmfiUi, flMRftaHcasttS l mm 2 i|fc ^Cr-g-W 
^«Ol@^^2500^^T^fc^si^^^^#tt^^^Fe-Cr-Si^«^l^ttm 

(3) Si: 2. 5~10mass%,Cr:1.5~20mass% % Al:0. l~2mass%, C :0. 006mass% 
SkTs N : 0. 004mass%£*Tx S : 0. 005mass%£*T, Ti : 0. 005mass%£lT*3 XXM) : 
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0. 005mass%^T*^ U affisWe^ itWF Pn»»*>F*8**» b 9 > #3©mMi£ 
ftmOfi QcmELk, «Rrt«5Kl38rt5 lmm 2 ^fe«5 ©Cr^^«©«a s 250(M@£* 

(4) Si : 2. 5 ~10mass%x Cr : 1. 5 ~20mass%. Al : 0. 1 ~ 2 mass%, C : 0. 006mass% 
&Tf x N : 0. 004mass%£rF> S : 0. 005mass%WTx Ti : 0. 005mass%£*T*3 XXMi : 
0. 005mass%^T*^. * 6» fcSb*3£tfSn©Wf*W&> 1 S^fci* 2**« 
Sb : 0. 005~ 1 mass%*3 XXfSn : 0. 005~ 1 mass%©i6H*e3'*rU «KR#Fe*5 JlOT 



(5) _h|B (1) ~ (4) (D^~ftvt)>(D$&m\Z&i\,^X. ^felCMn: 1 mass%£AT*5 
P : 1 nass%#T©WT;h,)&» 1 2 8*^tt5v W«««*#ttfcfliE*vfcFe 
— Cr— Si3W 



(6) Si : 2. 5~10mass%. Cr : 1. 5~20mass%©$£ffl-e^fi"r S*«Sr«fia*s # 

*(nitriding gas) ^?5f^^Ufc^^ifC30%*^^»J-f-SK 
^^^#tt^^ttfcFe^r-Sim^^lRl'l*1i^^^>^^^o 

~r^<b#*©^ft;-^©^-§-tex&©<}: 5 muTSI*^f^ffiS©^MIifcfcift3S 
**5, _LfB©3S01(6K fcav*r*«©»lJ!<7)~<9)ia»v*Ttt, ±15© r^ff 
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(7) Si : 2. 5~10mass%, Cr : 1. 5~20mass% Sr^TU & kfcSbfcS £tfSn<AVvf 
fafr 1 5B*fc{± 2ifi&, ^rtu^HSb : 0. 04j©~ 1 mass%:}3<fctfSn : 0. 06®~ 1 mass% 

(8) Si : 2. 5~10mass%, Cr :" 1. 5~20mass%£~^fi" U & h \Z-k\ : 0. 1~ 2 mass% 
<E>-^fi&, Ufe^#^it-C95%*«^Sl^J-r6Fe-Cr-Si^^[R]ttm 

(9) Si : 2. 5~10mass%. Cr : 1. 5~20mass%^^"U, & M^Al : 0. 1~ 2mass% 
Sr^TU $b^Sb*5«fa ? SnOV>-fn^l@*fc«:2^S^> ^tb^tLSb : 0. 005~ 
lmass%*3J:T^Sn : 0. 005— 1 mass%©«SH^^5*8$H&fiK&#v JfrflBJEESEfc^ 

m 1 fc*> Fe-Cr-Si^^l^ttSM^O^ft^l-^^SCr^^^om^W 

u -c w e> © w# — w a% u tc if 7 7 -e &> § „ 
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03bh ro^tt5tw isbma) ^±^m^^itM<om^w&m 

^|riiiSEM^-efe5. 
04 Aft, JL <DftW \Z.ft 0 ttL<DWMWm (Al») *tfc±»f»«iUfe*©«l«rt» 

fcjjH" WrIB S EM?It$>5. 

H 4 b w\ r ossurnc^ 5 fifeom^^K (ai» ttt±ifwufct©«s«® 



^swfcSlofc3)IIMt*J!:ov>r»W-r«« Fe-Cr-Si^®^ 
* 1 fc*i-J*^-*©« 1 ~ 8 121. flrSsfc-fc 9.»M^ J:tW&IWJBE««rJfiU-CO. 25mm 

70:30) tU mSmM&WO "CiUfc, 
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gmm^mfflM (sem) xmB^k^^mmsEM^n^mi^-r. tt# % cr 

Fe-Cr— Si^-^^a^^.U £ kK:Sb : 0.045mass%£r-^rf-<5x ^1© 

Itxmm ■ 7K^=70 : 30*3<J:T*95 : 5) fcTtLBf ttMtit Life. 

■ SAtim : 7Km=70 : 30©#iS«^±»f«««rJ6U/t«l«'rt»©»fffiSEM 
^X-efc D v 03B S EMW-efcS. WMfettttH l £ RMR-Cfc 
5. HI 3 A*5 jitm 3 B J: *) Mim 2 fc»tt*CrS^raifls*©«f tt*Sb©«*BK: J; 9 . 
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Wc* Fe-Cr-Si*fr4fafcjfc«r*rU S fefc^l : 0.55aass% * 
111coV>-C> |3I«fc2*ft©#BB* 0W : *#=70 : 30*5j;tf95 :.5) ttiLktfUk 

04 B|«tiOSEM?Xffe5„ 04B£9, WR©**»Rl 

$ fete, Sb^Al&^tUftv^l ©SH 4*3 £1*89 6 *W«©ia*fl I 'C3WWPI«i 
4fc©*f ffitfWiflid £*VCV>3 £ frit. 
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£Ufc. 

.$m*fam%fafcw*Drcmm%sEM uooofg~ioooof&) ^x^wi^u v 

—?fr<Dm£k'ffl$tf> % lmmXlmm£fr5±5fc: bfc Q ±fEmgS^ft<Z>Cr^^ffc4fctf> 
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(a) Cr*«0Pi-*ril!:J:o-C*Si«l©IM4asgk#*n, **i*Mft#HJre*>o 

(b) Crr±JW49fe#©*"T?tt*<. ««tt«»*©fc%>*»*5ai'C*>9, Sii 

( c ) c, n. s. 7i&&xmi£2<D*m®feBt*+&teffii^zz^£*) s cm 

(g) Fe-Cr-Si*«Ba^K:ftfl^lflffl7n*-C«) *Sb3S i.TJV * fc»Sn*5 £ tFSflsfc 
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Si : $J2. 5 ~$Jl0mass% 

Si*^2.5 mass%*^T*^ Cr&0W3 Lfc UT t>^&©mRSSfflfc@&<0« 
^&Jfiba>#b*vf\ Z<Dfr&&mmffi&i&®?fete&bfrt£\<\ — $)10mass% 

(^*^§*Tfeffl»^'Br«ft»tt*»«-e#*v>fcie>, siesta 

H2.5 ~^)10mass%t^i-5o ±Pg^mO. OmassyoTffeoT^ «tV\ 

~^j5.0%-efe5 o 

Cr : $Jl. 5 ~$)20mass% 

*t»*O»0.6 mass%*je^*Al^r*©»^Tr*»o-Ct» I*©BOlRl«48«© 

2 mass%^±OCr^tind3 $ £> Hl#T§: U \ ft *3, Sift-^Alfi^ Jb|a<^#^- J; <9 t> 
^!^ftV^^a-T?t>CrO»^i>9^JDX^4«g^C#^^^5, -37s «mass%&M£3£® 
tt^i^^fP-T^ tifcl^ =** h-h#§rffl< fc*. Cr£*r*tt*&1.5 ~$}20 
mass%t^i-5„ _hPM420.0mass%-T?fcoT 1 i>J:V\> 

ft*5. £«5#£UV^ffli*^1.5~^5.0 o /o-t?fc£ o 

Sb : 0. 04j&~jj$ 1 mass%43it^Sn : 0. 06®~*& 1 mass%<£>Vvf 1 2« 
(i^fcAl £0. lniass%^Ji8^IlUftVvj§£-K 

Sb : 8)0. 005~$Jlmass%*3«J:tfSn : *&0. 005~^lmass%OV>-fn^ia^fc:f*2 
S (^^{ctAlSrO. lmass%|^J:»I-r5^) 
Sn*5.fctfSbfc3: s V^tb^^^^J-r^^l^feSfe^s Z.frt>(0&&%M*-1tm 
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cr^mmmvtifmttGmznM-rzz t&x%z> 0 ^<ox 5 \m^^^^^> 
cr<£mmm(Dffi&*m\i^ mmm&fc*®3itx%ztcit>. ve-a-smmmmm. 

fcU Jtti^frQ. 04M.—B 1 mass%*5 £T*0. 06^~^J 1 mass%<Df^mXWMir 

5rti55tf5, Sn, Sb^V>i*ttt> lmass%&j&;t5 iilB^J^ISfn 

-T5^>)-e^<. a* b_h#£:IB< ni^bx lmass%$r-kR&£ U fu3£U 
fc8&*£rHtt-#5fc*, Sb*3«fO«Sn<D^ft^>TPS«, -t^ftO. 04mass%M*5 J: 
tft).06mass%j©£-r<5 o fc*5, Sb> Sni ^Wft«>-t^ii:«rl. 0mass%£ UT%iV\ 

— Sn^iT^/^^ifiSb^^XAl^m^^tl-rS^ (i-^*?*>Al-g-^*^ 
0. lmass%£k± k1r5m&) f*> Sb*5<tt^SnOV^ tt^l«^fc{42«Sr, ^H^tlSb : 
» 1 mass%*5 it^Sn : ^JO- 005~$) 1 mass%0^ffl-e»$*S - t 

5oSn*5j;U5Sb»lmass%^®^Si^*^fBU3^ h-h# Zkfrh. 
^jlmass%^_h|JBii-5o Jfe*3±RS#Lm. Omass% t VXh £\<\ 

h<Dkmmft%)%:&£.tZ>o TMf*0.0050mass%£ bTt><fcV\ 

&*5, sn, sb^s^si^s^px-cm-a-mm^^^fcsr «wr©» 

Al^m-a-^ini-S^a-, <fc UV>f&BiJiSk Sn t *>m0. 005~$)0. 05% X 

$j><5<> 

Al : $J0. 1 ~J&2mass% 

Am, Cr«fc 9 % 5&;*J fcafls4fe£ri£5c*-C £> 9 . * t£$^*Jf J: 9 « A"T 5 
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amttAi n 5 fc & . #3i»i§fl> & m <t s cr^^mm$fm 

^©^fiSiiCrO^^JP^i 9^fepr|g-cfe5«>-e, ft*ft^&fta3fctt&<z> 

fcWS 5 UV\ «3 % Al»fi»Jb|5g«^)2mass%4^Tii" ; 5o 

-hffiHttt2. 0mass% b VXi> £k±lz.£ V X A1^)P*^0. 1~^J 2mass% b-?Z> 0 
ifrU U < te$)0. 10~5&1. 0 mass% £ 5o 

Mn : ^lmass%^T*5J:t^P = $J lnass%#T©Vvffta»ltt*;fctt2« 

Km**MfcmnirZ>btoT.mS£4tirZ><Z>X*. bhfcffilmass%*±.mb-rZ> . 
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1 . Si : 2. 5 ~10mass%, Cr : 1. 5 ~20mass%, C : 0. 006mass%^T, N : 0. 002mass% 
EAT* S : 0. 005mass%E*T> Ti : 0. 005mass%£TF*5 «fcU*Nb : 0. 005mass%JSrF«: , &^r 

«BKlj3rt« lmnr^fcB ©Crg-^raiflrffcOfiSt^OOfiSJlT-C*)*^ Fe-Cr-Si^&S 

2 . Si : 2. 5 ~10mass%v Cr : 1. 5 ~ 20mass% x C : 0. 006mass%£*T> N : 0. 002mass% 
STF% S : 0. 005mass%£*T. Ti : 0. 005mass%£rF:i3«k-O«Nb : 0. 005nass%grF£r£2K 
$bl-Sb*5«tt^Sn©V>i*^l»*^f±2a*. J&jL^enSb : 0. 04j&~ 1 mass%*5J: 
t5Sn : 0. 06®~ 1 mass%<£>S&ffl-eg-W U ^ WFe*5 «fc tJ^Wittfi&^MM&a* * 9 * 

. *S250(MH£JlTTf*><5* Fe— Ct— Si*tR*rtltt«iMWRi 

3 . Si : 2. 5 ~10mass% x Cr : 1. 5 ~20mass%, Al : 0. 1 ~ 2 mass% % C : 0. 006mass% 
&Tf s N : 0. 004mass%£*T* S : 0. 005mass%^T. Ti : 0. 005mass%£*T*5<fctfNb : 

3*60/* QcmEJLt, ««Rrt»fc*lt* O^**^©*«^2500«KT 
■efcS. Pe-Cr-Si*toWtt1WMWR. 

4 . Si : 2. 5 ~10mass%, Cr : 1. 5 ~20mass%> Al : 0. 1 ~ 2 mass%, C : 0. 006mass% 
BUT* N : 0. 004mass%EA"K S : 0. 005mass%i^T> Ti : 0. 005mass%^T^<ttm> : 
0. 005mass%S*T&-g'2K * bKSb& XXtSnWT fii>>l m&1t1&2m&. *r*t-e*t 
Sb : 0. 005~ 1 mass%^J;T^Sn : 0. 005~ 1 mass%©«BB"?^rU mW?e&&Tf^ 

9 ©Cr^WSEfl2*©'Hffe* s 250(MH»Tt?*>5» Pe-Cr— Si*tEfrWtt«8lillfc 

5. ff^35l~4<DV>-f^l^*5V>-C, £&fc:Mn: 1 mass%^T*3i^P : 1 
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6. Si : 2. 5~10mass%, Cr : 1. 5~20mass%©^ffl^^1-5i£#I£:#&i&2K i&W 

7. Si : 2.5~10mass%x Cr : 1. 5~20mass%£^TU $ b iCSbjo J: TJSn© Wf frb 
1 25g&\ -?rn-eHSb : 0. 04®~ 1 mass%*5<fctfSn : 0. 06M~ 1 mass%© 

8 . Si : 2. 5~10mass%, Cr : 1. 5~20mass%3rS"^* U £ KA1 : 0. 1~ 2 mass%3r . 

^^ttiT?95%^^WJrSFeK^Si^^l^ttm5^i^©ia^& 

9 . Si : 2. 5~10mass%. Cr : 1. 5~20mass% Srg^U $ kfcAl : 0. l~2mass%£r 
U & e> HiSb*5 *t*Sn©Wf;h,a» 1 «*fe'r± 2 aS^Tx •Srfr^ftSb : 0. 005~ 1 

mass%*5<k^Sn : 0. 005~ lmass%©t5H-e^^"i~5^^^^-x ^WJEj^^tPJBE 

©^ffc#X ©"g^SSr, ^Hf # bfc^^it-C95%7|c^i^fJ-r 5Fe-Cr-Si^ 

10. W^3g6~9©v^tt^i«i;:*5v>-c, f&IEJE^xsas, 

Fe^r-Si^»fttt«^&©§&i^ifc 
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